To improve the energy utilization efficiency of metal bridge foil explosion, and increase the function range of plasmas, array bridge foil explosion experiments with different structures were performed. A Schlieren photographic measurement system with a double-pulse laser source was used to observe the flow field of a bridge foil explosion. The evolution laws of plasmas and shock waves generated by array bridge foil explosions of different structures were analyzed and compared. A multi-phase flow calculation model was established to simulate the electrical exploding process of a metal bridge foil. The plasma equation of state was determined by considering the effect of the changing number of particles and Coulomb interaction on the pressure and internal energy. The ionization degree of the plasma was calculated via the Saha-Eggert equation assuming conditions of local thermal equilibrium. The exploding process of array bridge foils was simulated, and the superposition processes of plasma beams were analyzed. The variation and distribution laws of the density, temperature, pressure, and other important parameters were obtained. The results show that the array bridge foil has a larger plasma jet diameter than the single bridge foil for an equal total area of the bridge foil. We also found that the temperature, pressure, and density of the plasma jet's center region sharply increase because of the superposition of plasma beams.
Introduction
An electrical explosion occurs when a highly pulsed current flows through a metal conductor, such as a metallic foil or wire, which results in high-temperature and high-pressure plasma, shock waves, light, electromagnetic radiation, and so on [1] . With further developments and adaptations of highpower supply technology, the exploding foil initiator (EFI), based on the concept of electric explosions, has been extensively applied with high safety and reliability in weapon initiation systems. In the EFI system, the flyer is formed by the high-temperature and high-pressure plasma expanding to drive the polyester Mylar film to a high velocity, impacting the explosive and causing it to detonate [2, 3] . In addition, a high-velocity plasma jet generated by the electric explosion of metal foil is applied directly to ignite powder for achieving plasma ignition [4] . During the electrical explosion of the metal bridge foil, the energy is mainly deposited by Joule heat in the metal conductor. Plasma characteristics and its evolution strongly depend on the energy deposition rate. However, the shape and structure of the metal bridge foil are crucial factors that affect energy deposition and conversion efficiency. Currently, in most applications, the metal bridge foil connection area is generally a single bridge structure with an approximately square shape [2] [3] [4] [5] [6] [7] [8] . Many theoretical and experimental studies have been conducted on the influence of bridge material, size, and the corner shape of the bridge connection on the electrical explosion performance, and some valuable results have been obtained [9] [10] [11] [12] [13] [14] [15] [16] . In other shape research conducted in the United States, Neyer et al [17] designed a ring bridge structure of a single bridge foil, and showed that the ring structure can produce a flatter flyer, which is more conducive to initiate the explosive. In addition, a square waveform bridge foil was designed and investigated [18] , and the results showed that it can be beneficial to improving the energy efficiency by increasing the effective length of the bridge foil.
Based on the existing research, the energy deposition rate of a single bridge foil is lower, and it can achieve effective initiation and ignition functions using only a highly pulsed power source. This results in a relatively large volume and weight of the initiation or ignition system, with an applied range that is relatively limited. In this paper, to improve the energy conversion efficiency, a new type of transducer element with a multi-body metal array bridge foil is proposed based on the concept of the electrical explosion of wire arrays used to generate a high-density z-pinch plasma source or x-rays [19, 20] . For the multi-body bridge foil, every plasma beam generated by a single bridge foil electrical explosion will converge together to form a higher-density plasma flow during the expansion process. This is more conducive to enhance the electrical energy absorption, thereby improving the energy conversion efficiency. Compared with a single bridge foil, the multi-body array bridge foil is more complicated and has more factors that are affected; therefore, it is necessary to carry out research on the mechanism and laws of multi-body array bridge foil explosions.
In this study, a series of multi-body array-type bridge foil structures were designed. Electrical explosion experiments were performed with the metal array bridge foils. The evolution of the plasma and shock wave flow field produced by the bridge foil explosion was observed using the Schlieren photographic measurement system with a double-pulse laser as the background light source. At the same time, the burst current and voltage were measured. A multi-phase flow dynamics model of the metal bridge foil electrical explosion was established. Images of the plasma and shock wave evolution were obtained by performing numerical simulations of the bridge foil explosion.
Electrical explosion experiments
The experimental principle diagram of the metal bridge foil explosion is shown in figure 1 . This system consisted of a metal bridge foil exploding device and a Schlieren photographic measurement system. In the photographic measurement system, a double-pulse laser was used to generate two laser beams with a specific time interval as the background light source. A collimating lens was used to obtain a parallel beam with the appropriate diameter; this beam was bound to traverse through the region disturbed by the plasma and shock wave. Since the density of the medium in this region varied substantially, the light deflected after passing through it. The deflected light was then focused by a Schlieren mirror. A filter was used to filter the lights emitted by plasmas such that only the background lights were allowed to pass through it, and the partial rays were obstructed by the knife edge. After being focused by an imaging lens, the Schlieren images of the plasma and shock wave were formed on a white screen, and recorded using a charge-coupled device (CCD) camera. Two images were obtained for a single experiment. Through repeated experiments in which the recording time was varied, the entire flow field evolution of the bridge foil explosion was observed.
In these experiments, a pulse generator with a 0.33 μF capacitor, charging voltage of 3.5 kV, and stored energy of 2.02 J provided the electrical pulse to drive the metal bridge foil explosion, which produced a high-temperature and high-pressure plasma and shock wave. The metal foil was deposited onto the quartz glass substrate using the vacuum magnetron sputtering coating method, and the structure was formed by photolithography. The metal foil material was mainly gold. A schematic of a four-array bridge foil is shown in figure 2 . The bridge foil exploded at the bridge position. For observing the convergence and propagation of the plasma and shock wave after electrical explosion of the bridge foils, the direction of the background laser should remain parallel to the bridge length of the array bridge foil. To analyze the electrical explosion characteristics of bridge foils, the current and voltage of the bridge foil explosion were simultaneously measured. The currents were measured using a Pearson Electronics current monitor (model 411), voltages were measured with a Tektronix high-voltage probe (model P 6015), and output signals were recorded by a digital oscilloscope (DPO 7054, Tektronix). The initial take-off time of the discharge curve of the bridge foil was taken as the initial zero time of the image recording sequence.
In the measurement system, a pulse/delay generator (Model 575; BNC) was used for multi-pulse signals to start the oscilloscope, double-pulse laser, pulsed power, and camera. In the experiment, a photodetector was used to monitor the light emission time of the double-laser. The time sequence of the measurement and time interval between two images were determined by comparing the output time of the laser and the exposure time of the camera. By adjusting the start time of the pulse power generator with the pulse/delay generator, time-resolved Schlieren images could be obtained.
In this paper, three bridge foil structures were designed: a single bridge foil (0.4-1 type), a double-array bridge foil (0.2-2 type), and a four-array bridge foil (0.1-4 type). The length of each bridge was 0.5 mm. The single bridge width was 0.4 mm, 0.2 mm, or 0.1 mm. The bridge spacing and thickness was 0.2 mm and 5 μm, respectively. The doublepulse laser was delivered at 355 nm wavelength, 8 ns pulse width, and 130 mJ maximum energy. The maximum amplitude of the image was 15 fps with a minimum 500 ns interval in the double-exposure mode. The shortest shutter time was 1/16 000 s, with 2048×2048 pixels.
Numerical simulation

Calculation model
When a large and ultrafast pulsed current flows through a metal bridge foil, the bridge foil is first melted, liquefied, gasified, and ionized at the surface. As electrical energy input continues, this process gradually progresses from the surface of the bridge foil to the inner layer. In the initial stage of the electrical explosion, the conductor is a mixture of solid, liquid, and gas, the conductivity of each phase differs, and the energy absorption mechanism varies. Therefore, completely calculating the details of this complex electrical and mechanical process in an electrical explosion is not feasible.
The following assumptions were made in this study:
(1) The plasma and shock wave flow field induced by an electrical explosion is assumed in 2-D. (2) The bridge foil absorbs the electrical energy uniformly, and changes directly from solid to plasma under the ohmic heating effect. In this paper, the hydrodynamic calculation method was used to simulate the formation and development process of the plasmas and shock waves of the metal bridge foil electrical explosion.
A 1/2 axisymmetric 2-D calculation model was established, as shown in figure 3 . The calculation model consists of metal array bridges and an air region. When the pulse current is input to the metal bridge foils, the electrical explosion occurs only at the bridge position. Other areas of the foil are not concerned in the computation. Therefore, the size of the metal explosion conductor in the calculation model is consistent with the size of the bridge. In figure 3 , the OX direction is the thickness direction of the bridge, i.e. the direction of the plasma jet propagation, which is called the axial direction; the OY direction is the arrangement direction of the array bridge, which is identical to the single bridge width and is called the radial direction. The air domain is 30 mm long, 15 mm wide, and has a density of 1.225 kg·m −3 . The calculation domain was initially set at a temperature of 300 K and a pressure of 1 atm.
The multi-phase model was utilized in the calculation, where the phase transformation volume fraction was used to compute the electrical explosion. The solid phase and vapor phase had identical temperatures and pressures in every calculation element. The mixture's physical property was a weighted average of the solid and gas properties. The continuity equation, momentum equation, and energy equation of the mixture were obtained by adding up all three equations of each phase. The mutual transformation law of the solid phase and gas phase follows the mass and energy transfer. The phase transition parameters of Au are shown in table 1.
Plasma state equation
Multi-stage ionization occurs after the metal electrical explosion. The high-temperature and high-pressure plasmas generated by the electrical explosion contain a large amount of electrification particles. To accurately describe the plasma properties at the high-temperature and high-pressure condition, the plasma equation of state was used by considering the Figure 3 . Schematic of the calculation model. effect of the particle number change and Coulomb force between the particles on the pressure and internal energy.
According to the thermodynamic formula, the pressure and internal energy satisfy the following relationship [22] [23] [24] :
where P is the pressure; E is the internal energy; T is the temperature; V is the specific volume; N is the particle number; and F is the Helmholtz free energy of the ionized vapor, which includes the ion free energy and electron free energy of all levels. F can be expressed as follows: where F N is the free energy of atoms and ions of all levels; F e is the electron free energy; k B is the Boltzmann constant; m i and m e are the ion mass and electron mass, respectively; h is Planck's constant; and N i and N e are the ion number and electron number per unit mass, respectively. Here, i=0 refers to the atom, i=1 refers to an ionized ion, etc, and i=z refers to the nucleus of the electrons. The electron numbers satisfy the following relationship:
In equation (3), α is the ionization degree, and N 0 is the total number of atoms per unit mass. Combining equations (1) and (2), we obtain the expression for pressure and the internal energy E of the plasma:
The first term on the right-hand side of equation (5) represents the contribution of ions, electrons, and atomic thermodynamics to the internal energy. The second term represents the contribution of atomic ionization to the internal energy, and the third term represents the contribution of the atomic excitation energy to the internal energy. R is the ideal gas constant; M is the relative molecular mass; ρ is the plasma density; α i is the particle concentration of the ith ion; I i is the ionization energy; and ε i is the excitation energy, which can be expressed as in [23, 24] : where g ij is the degeneracy of j electron energy level of i ion; e ij is the energy level of j electron energy level of i ion; and
is the Biberman factor. These data were obtained primarily from the Nist Atomic Spectra Database [25] .
The above equations indicate that the degree of ionization is a critical parameter for calculating the plasma state equation and thermodynamic properties. For LTE systems, the degree of ionization can be described by the Saha equation [26, 27] . The plasma produced by the metal bridge foil electrical explosion satisfied the LTE systems based on the plasma spectroscopy measurements [28] . Assuming that the plasmas produced by the metal electrical explosion reach the LTE systems at the moment of explosion, the ion and electron numbers are computed by iteratively solving ionization balance equations. The ionization degree, state equation, and thermodynamic properties are then obtained.
The particle types in atomic ionization reactions are mainly atoms, ions, and electrons. The ionization reaction equation for gold is
According to the Saha equation [25, 26] , the ion and electron numbers satisfy ; h is Planck's constant =´⋅ -( ) h 6.626 10 J s
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; and K i is the ionization equilibrium constant.
In equation (8) , the partition function is described as follows:
The ratio of the partition function of the ions
is notably irregular; however, the value is always close to 1. The calculation result for the ionization of Au reported in the literature [29] is better when the statistical weight value is taken as 1. Therefore, the statistical weighting ratio of ions is 1 in the present work.
The particles at all levels in the system follow the conservation of the total number of nuclei and the conservation of charge:
å å Here, = = = + / / / a n n a n n a n n , ,
; n Au is the Au atomic number; and n e is the electron number.
There are i+2 unknown variables and i+2 equations in equations (9) and (10), which form a closed equation set. The degree of ionization a e can be obtained by solving the equation set, which can then be combined with equations (1), (4), and (5) to calculate the plasma state equation and thermodynamic properties.
Since the atomic number of Au is large (Au contains 79 protons), we must solve the nonlinear equation set of 81 equations, which requires a large and complicated computation. However, these are mainly for the first-order ionization and second-order ionization products in the electrical explosion. Therefore, to reduce the number of calculations, only the first-order ionization is considered. The calculation formula for the degree of ionization is as follows:
K 1 is the first-order ionization equilibrium constant, and is expressed as follows: The plasma state equation and thermodynamic properties obtained using the user-defined real gas model were embedded into the calculation program to compute the plasma thermodynamic behavior in this work.
Electrical energy loading
The power density of the electrical explosion was obtained using the burst current and burst voltage curve of the array bridge. The power density curve as a function of time was loaded into the calculation program as an energy source term. Therefore, the physical process of energy deposition in the bridge foil and energy absorption in the plasma can be simulated. The curves of the burst current and burst voltage of the 0.2-2 array bridge foil explosion with an ignition voltage of 3.5 kV are presented in figure 4 . This figure shows that the peak value of the current is 2.99 kA, the peak value of the voltage is 1.84 kV, and the burst time of the bridge foil is approximately 0.24 μs (the time corresponding to the peak value of the voltage curve). The corresponding curve of power density versus time is shown in figure 5 . The power density curve consists of many decreasing peaks, and most of the energy is released less than 1 μs after the power is supplied.
Results and discussion
Experimental results and discussion
The Schlieren photos of three metal array bridge foil structures at different times after discharge are shown in figure 6 . High-temperature, high-pressure, and high-density plasmas are produced after the bridge foil explosion. These plasmas rapidly expand and compress the air, which creates a shock wave. Because of the limitations of the quartz glass substrate, the plasmas and shock waves can propagate only in the direction away from the substrate as a plasma jet and in an approximately hemispherical shock wave. In the early stage, the plasma is closely followed by the shock wave and it gradually separates from the shock wave with the passage of time. The radial propagation velocity of the plasma jet is slower than its axial velocity. The plasma can continue to absorb electrical energy until the end of the discharge because of its conductivity. However, with the plasma expansion and radiation, the plasma temperature decreases rapidly, and it gradually becomes a thinner and more blurred plasma jet. Finally, the plasma jet disappears into a high-temperature and high-pressure air mass that gathers after the shock wave front, which forms a protrusion in front of the shock wave. For the single-body bridge foil (0.4-1 type), a strong plasma jet was observed at or before 0.94 μs, and after 1.37 μs, the plasma jet tapered; at 2.72 μs, it then diffused into the high-temperature and high-pressure air mass. For the double-body bridge foil (0.2-2 type), the two plasma beams produced by the explosion converged at 0.52 μs. With the plasma propagation, the core of the two plasma beams could be distinguished at 1.38 μs. In the latter time of the electrical explosion, two high-temperature and high-pressure air mass regions were evident in the flow field. For the four-body array bridge foil (0.1-4 type), the four plasma beams produced by the electrical explosion began to converge at 0.73 μs, and resulted in three higher-density plasma regions. At 1.32 μs, the front of the plasma jet became thick, but the tail was thin and disappeared rapidly. At 2.36 μs, the plasma jet became a high-temperature and high-pressure air mass clustered behind the shock wave front. The diameter of the plasma jet generated by the multi-body array bridge foil electrical explosion was significantly bigger than that of the single-body bridge foil. At 0.73 μs, the plasma jet diameter of the 0.1-4 type array bridge foil was 1.68 mm; however, at 0.74 μs, the plasma jet diameter of the 0.4-1 type monolithic bridge foil was only 1.17 mm.
To further analyze the law of shock wave propagation after an electrical explosion, the shock wave propagation distance was measured at different time points. By fitting these distance-time data in the axial direction, it can be found that the relationship between the shock wave propagation distance and time is very consistent with the exponential growth law and the results of Murphy [30] . The relationship between the propagation distance s(t) and time t can be fitted as follows:
where a, b, and c are undetermined constants. By taking the derivative of time in equation (13), the relationship of the shock wave velocity to time can be obtained as follows:
According to the basic relationship of the shock wave and the state equation of the medium, the shock wave pressure can be calculated as follows [31] :
where P and u are the shock wave pressure and velocity, respectively; r 0 is the initial density of air (1.205 kg · m −3 ); and k is the multi-gas adiabatic power function of 1.2. Figure 7 shows the fitting curves of the shock wave propagation distance with time for the three types of array metal bridge foils after an electrical explosion. The propagation distance of the single bridge foil is the farthest at the early stages. However, soon after, the shock wave propagation distance of the array bridge foil begins to exceed that of the single bridge foil. At 3.5 μs, the propagation distance of the 0.2-2 type is 7.744 mm, whereas that of the 0.4-1 type is only 6.711 mm. This result shows that the propagation distance difference between the array bridge foil and the single bridge foil grows proportionally with time.
The shock wave velocity curves of the three metal bridge foil structures after an electrical explosion are presented in figure 8 . After the explosion, the shock wave maximum velocity ranged from 2.5-4.0 km s −1 . In the early stage after the explosion, the velocity of the 0.2-2 type bridge foil was the highest, whereas that of the 0.1-4 type was lowest. However, the shock wave of the 0.4-1 type of single bridge Figure 7 . Shock wave propagation distance of the three bridge foil structures after electrical explosion. Figure 8 . Shock wave velocity curves of the three bridge foil structures after the electrical explosion. foil had the fastest decay, but the multi-body bridge foils showed the slower decays. This trend can be explained by the convergence of the plasma beams and the shock waves during the electrical explosion of the multi-body bridge foils, which can change the attenuation law of the shock waves. According to equation (15) , the relation curve of the shock wave pressure with time can be obtained; the result is shown in figure 9 . The shock wave pressure decay law is consistent with the velocity square. At 0.42, the shock wave pressure of the 0.2-2 type bridge foil is 13.6 MPa, and it decreases to 1.96 MPa at 3.5 μs. The pressure of the 0.1-4 type is 9.19 MPa at 0.42 μs, but only 1.67 MPa at 3.5 μs. The pressure of the 0.4-1 type is 9.74 MPa at 0.42 μs, and 1.18 MPa at 3.5 μs. From the pressure figure, the pressure of the 0.2-2 type bridge foil is higher than that of the other two types of bridges. of the bridge foil explosion can be divided into three regions based on the discontinuity. The innermost layer after the shock wave is the high-density region of mainly hightemperature and high-pressure metal plasmas. The middle layer is the air compression zone, and the outside of the shock wave front is the undisturbed air area. Each bridge of the 0.2-2 type and 0.1-4 multi-body array bridge foils will produce a plasma jet after the electrical explosion, which then converges to form a higher-density plasma jet. The central region of this plasma jet has the highest density. The maximum density range of the flow field after the explosion is 5680-757 kg·m Therefore, in general, the maximum density of the plasma produced by the multi-body array bridge foils is substantially higher than that of the single-body bridge foil because of the mutual confluence between the plasma beams.
Plasma distribution.
The initial plasma shape is consistent with the square shape of the bridge foil structure during metal bridge foil electrical explosion. With the expansion of the plasma, the plasma shape constantly evolves. Figure 11 shows the plasma distribution of three kinds of bridge foil electrical explosions at different time points. For the 0.4-1 type bridge foil, at 0.35 μs, the plasma shape is still similar to a square. Subsequently, due to the substrate blocking effect, the axial propagating velocity of the plasma becomes faster than the radial velocity. Finally, as the plasma propagates, it develops a conical structure. For the 0.2-2 array bridge foil, two plasma beams are generated after the electrical explosion, and as they propagate, they converge into a bundle at approximately 0.4 μs. The front of the plasma beam is slightly concave. However, since the axial expansion velocity of the plasma is greater than the radial expansion, the plasma beam develops a conical shape at 1.0 μs. For the 0.1-4 type array bridge foil, at 0.35 μs, four independent plasma beams form after the electrical explosion, and the plasma beams converge together at approximately 0.4 μs. The axial velocity of the middle part of the plasma beam is much higher due to the superposition effect. Finally, the plasma beam extends and gradually becomes a conical jet of intermediate protrusions. At 4.0 μs, the plasma jet separates from the substrate, and the entrainment phenomenon occurs, causing the jet shape to become irregular. To more intuitively analyze the plasma expansion characteristics, the simulated plasma propagation distance was measured. The radial and axial propagation distance curves of the plasma at different time points are plotted in figure 12 , which shows that the plasma jets of three structures have the same change trend. At the early state of electrical explosion, there is a slight difference between the axial propagation distance and radial propagation distance. However, due to the substrate blocking effect and the convergence of the plasma beams, the axial expansion rate is greater than the radial expansion rate. This effect leads to a plasma axial expansion distance that is far greater than the radial expansion distance in the later state of the plasma evolution. At the later stage of plasma propagation, the plasma generated by the 0.2-2 type array bridge foil is farther away in the radial and axial propagation distances than the plasmas in the 0.4-1 and 0.1-4 types. The array bridge foil can increase the diameter of the plasma jet of the bridge foil explosion without increasing the width of the bridge foil; furthermore, as the number of the bridge foil array increases, the diameter of the plasma jet also increases.
The radial and axial propagation velocity curves of the plasma at different time points are shown in figure 13 . As seen from the figure, at the beginning stage of the explosion, the plasma has the highest velocity, and the axial velocity reaches up to 3.0 km s −1 and then quickly decreases.
4.2.3. Plasma temperature. In general, the plasma temperature of an electrical explosion can reach tens of thousands of degrees K; however, as the plasma expands, its temperature rapidly decreases. The highest temperature region of the flow field appears at the center of the plasma beam or at the confluence area of the plasma beams for an array bridge foil. The temperature distributions of the flow fields at 0.5 μs after the bridge foil explosion of the three structures are shown in figure 14 . The maximum temperature of the three types of bridge foil electrical explosions reaches 10 000 K at 0.5 μs, and the highest temperature zone appears at the location of the plasma jet; from there, the temperature decreases outward. For the 0.1-4 type array bridge foil, the volume of the plasma jet generated by the electrical explosion is the largest, and the high-temperature zone is the widest. The high-temperature zone of the 0.2-2 type array bridge foil is the second largest, and that of the 0.4-1 type is the smallest.
4.2.4. Pressure of the flow field. The pressure distribution of the flow field after the bridge foil explosion is similar to the distribution of the flow field density. In the moment of the electrical explosion, the pressure of the plasma area can reach up to GPa. Subsequently, the high-temperature and high-pressure plasma product rapidly expands outward and compresses the surrounding air to produce a shock wave. With the expansion of the plasma, the flow field pressure also decreases rapidly. At the early stage of evolution, for the single bridge foil, the highest pressure area in the flow field is located at the center of the plasma jet after the wave front before the shock wave separates from the plasma jet. For the array bridge foils, due to the superposition of the plasma beam and shock wave convergence, the highest pressure area of the flow field appears in the shock wave intersection area. At the later stage of the plasma jet propagation, the plasma density and temperature continue to decrease. The shock wave pressure also decreases rapidly, and a negative pressure cavity forms after the wave front. At this time, the maximum pressure in the flow field is in the shock wave surface.
The pressure distributions of the flow fields at 0.5 μs after the explosion of the three kinds of structures are shown in figure 15 . As seen from figure 15(a) , the four bridge units in the 0.1-4 type array bridge foil generate four plasma jets, and then the plasma jets converge, causing the higher pressure zones. The highest pressure was located in the center convergence region, and the maximum value was 485 MPa. Figure 15(b) shows that for the 0.2-2 type array bridge foil, three high-pressure regions are generated in the flow field, and the plasma jets on both sides are generated by two single bridge foil units. The center is a superimposed area, where the pressure is higher, and the maximum pressure can reach 178 MPa. Figure 15(c) shows that for the 0.4-1 type single-body bridge foil, only one high-pressure region is present in the flow field, and the maximum pressure is 106 MPa. In general, the maximum pressure value of the single bridge foil is lower than those of the multi-body array bridge foils. The high-pressure region of the single bridge foil is also significantly smaller than those of the multi-body array bridge foils.
Conclusions
In this study, multi-body array bridge foils were designed, and electrical explosion experiments of array bridge foils and single bridge foils were performed. The shock wave and plasma evolution induced by a metal bridge foil explosion were observed using a double-pulse laser light source imaging system. Schlieren photos of the flow fields at different times after the explosion were obtained. The experimental results show that the plasma jets generated by the multi-body array bridge foils converged with the adjacent plasma jet and resulted in higher-density zones. The diameters of the plasma jets generated by the electrical explosions of the multi-body array bridge foil were obviously greater than those of the single bridge foils.
Based on the experiments, calculation models of electrical explosions of the metal bridge foil were established, and bridge foil electrical explosions were numerically simulated. The calculated results were consistent with the experimental results. The formation and evolution processes of plasmas and shock waves after the electrical explosion were analyzed. Some important parameters (density, temperature, pressure, and shock wave velocity of the flow field) were obtained. The calculated results show that the central regions of the plasma jets of the multi-body bridge foils exhibited obviously higher temperatures, densities, and pressures than those of the single-body bridge foil because the plasma beams converge. The flow field produced by the explosion of the 0.1-4 array bridge foil had the highest peak pressure value. The flow field produced by the explosion of the 0.2-2 array bridge foil had the highest peak temperature value. The experimental and calculated results showed that plasma jets produced by the array bridge foils had large diameter, and high-temperature and high-pressure zones after the electrical explosion with identical total bridge foil widths. The temperature, pressure, and density of the center of the plasma jets sharply increase because the plasma beams converge, which helps to improve the ignition of the metal bridge foil electric explosion.
